











and	 is	 being	 consolidated	 each	 time	 more	 is	 the	 online	 learning	 through	 virtual	
campuses.	 While	 most	 of	 online	 learning	 services	 are	 at	 present	 offered	 through	
web-based	 platforms,	 due	 to	 ever-increasing	 use	 of	 smart	 devices	 such	 as	
smartphones	and	tablets,	researchers	and	developers	are	paying	attention	to	exploit	
the	 advantages	 of	 mobile	 systems	 to	 support	 online	 learning.	 Specifically,	 the	
implementation	 of	 the	 A3	 paradigm:	 Anytime,	 Anywhere,	 Awareness	 –that	 is,	
notifying	 users	 about	 ongoing	 activity	 in	 their	 online	workspace–	 provides	 various	
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and	 easy	 way	 enables	 to	 shorten	 considerably	 the	 response	 time;	 it	 is	 also	 an	
effective	 way	 to	 request	 help	 and	 support	 from	 others.	 For	 instance,	 in	 online	
learning,	scaffolding	is	very	important	to	learners,	either	 in	a	virtual	classroom	or	a	
virtual	 workspace	 of	 an	 online	 team.	 Traditionally,	 scaffolding	 through	web-based	




By	 combining,	 Web-based	 and	 Cloud	 based	 technologies	 with	 the	 use	 of	 mobile	
devices,	 the	 online	 learning	 and	 collaborative	 activity	 can	 be	 much	 more	 timely,	
efficient	 and	 adaptive	 [2].	 In	 particular,	 scaffolding	 can	 be	 a	much	more	 effective	
way	of	accomplishing	learning	activities	because	learners	can	request	support	at	any	
time	and	other	learners	can	scaffold	their	team	mates	at	any	time,	anywhere	due	to	
the	 awareness	 services.	 	 Currently,	 we	 also	 see	 how	 social	 networks	 have	 been	
widely	 used	 for	 such	 purpose,	 by	 adapting	 to	 this	 idea,	 that	 is,	 using	 social	
networking	 properties	 in	 support	 to	 learners.	 For	 instance,	 one	 such	 feature	
explored	 is	 the	 emotional	 awareness	 as	 the	 emotional	 support	 is	 an	 important	
aspect	of	social	networking.	 	Several	studies	from	mobile	 learning	domain	(e.g.	 [3],	
[4]),	have	pointed	out	that	using	mobile	devices	on	online	learning	can	contribute	to	
increasing	the	perception	of	social	connectedness	of	 learners	yielding	to	emotional	




online	systems	more	adaptive,	because	 the	online	 learners	can	adapt	 their	activity	
and	 needs	 to	 those	 of	 others	 “as	 they	 go”.	 Being	 anytime,	 anywhere	 and	 aware	




how	 the	 A3	 paradigm	 can	 be	 applied	 to	 different	mobile	 team	working	 scenarios	
[5].		 Our	 approach	 is	 based	 on	 the	 definition	 and	 use	 of	 events	 linked	 to	 state	
changes	 of	 the	 objects	 in	 the	 common	 learning	 workspace.	 The	 events	 are	 then	
processed	and	sent	to	mobile	clients	for	consumption	following	the	A3	paradigm.	
	
In	 the	 current	 state	 of	 the	 art	 of	 the	 event-based	 system,	 we	 can	 find	 many	
interesting	methodological	proposals	for	designing	event-based	mobile	applications.	
Thus,	the	authors	in	[6]	proposed	an	event-based	coordination	approach	to	execute	
process	 oriented	composite	 applications,	 with	 components	 on	 server	 and	 at	 the	
client	 site.	 Another	 interesting	 work	 in	 this	 context,	 but	 rather	 focused	 on	 task	
oriented	 team	 collaboration,	 deals	 with	 notification	 and	 awareness	 synchronizing	
task-oriented	collaborative	activity	[7].	The	authors	 in	 [8]	proposed	the	use	of	XML	
messaging	 for	 mobile	 devices	 for	 effectice	 communication.	 Different	 from	 these	
approaches,	 in	 our	 approach,	 the	 objective	 is	 to	 make	 the	 system	 as	 simple	 as	
possible,	so	even	it's	possible	to	adapt	the	approach	in	[6],	we	want	to	use	existing	
communication	 channels	 between	 clients,	 widely	 used	 by	 users	 in	 their	 social	
networking	 life,	without	 the	need	of	use	new	protocols.		Additionally,	we	consider	
that	 in	 the	 teamwork,	 people	 prefer	working	 together	 using	 exiting	 tools	 and	 our	
research	 aims	 to	 study	 how	mobile	 devices	 can	 be	 integrated	 into	 existing	 online	
applications.		
	
As	 per	 the	 use	 of	 protocols,	 again	 the	 idea	 is	 not	 to	 use	 any	 specific	 protocol	 to	
deliver	messages,	but	instead,	to	use	existing	ones	building	a	gateway	between	our	
platform	and	the	delivery	platform.	In	all,	our	aim	is	to	build	a	new	layer	integrated	
onto	existing	 teamwork	systems,	which	can	be	also	possible	 to	be	used	 in	another	
kind	 of	 systems,	 which	 need	 to	 spread	 messages	 and	 notifications	 to	 groups	 or	
particular	 users.	 Taking	 into	 account	 the	 current	 convergence	 between	 computers	
and	mobile	devices,	the	system	should	be	used	not	only	to	add	mobile	capabilities	to	






approach	 to	 extend	 web-based	 applications	 to	 support	 Anytime,	 Anywhere,	
Awareness	 in	online	 teams.	 It	 should	be	noted	 that	 the	A3	paradigm	 is	meant	not	
only	as	informing	channel	but	also	for	social	support	and	scaffolding.	The	key	feature	
here	is	the	definition	of	events	linked	to	state	changes	of	the	objects	in	the	common	











-	Modularity:	 choosing	 a	 software	 architecture	 that	 guarantees	 that	 the	 different	
parts	 can	 be	 improved,	 changed	 or	 new	 ones	 added	 without	 affecting	 the	 other	
parts	of	the	system.	
-	 Independency	 from	devices:	 again	 the	modular	 software	 architecture	will	 help	 to	
add	new	devices	without	big	efforts.	
-	Security:	 in	 the	event-based	 system	we	need	 to	ensure	 that	 the	 system	will	 take	
into	account	the	needed	security	features.	
-	Openness:	 building	 an	 open	 system	 is	 a	 key	 requirement	 nowadays	 to	 facilitate	
integration	and	 inter-connection	with	other	 systems	 that	use	or	need	event-based	
notifications.	
	
The	 rest	 of	 the	 paper	 is	 structured	 as	 follows.	 In	 Section	 2,	we	 describe	 the	main	
concepts	 and	 requirements	 upon	which	 our	 proposal	 relies.	 Then,	 we	 outline	 the	
design	 of	 the	 event	 management	in	 Section	 3.	 In	 Section	 4,	 we	 introduce	 the	



























the	 attributes	 of	 an	 object.	Objects	 are	 entities	 that	 have	 properties	 that	 can	 be	
observable.	 	 These	 attributes	 can	 change	 overtime,	 but	 while	 they	 remain	 the	
unchanged,	they	define	one	possible	state	of	the	object.		In	our	system	each	object	
has	 associated	 a	 process,	 called	 observer,	 which	 will	 detect	 the	 changes	 in	 the	
objects’	 state.	 In	order	 to	group	all	 the	objects	 that	are	 related	according	 to	 some	







a	group.	 In	 the	 former	case,	notifications	are	sent	 to	a	particular	user	while	 in	 the	
later,	the	messages	are	sent	to	all	users	belonging	to	the	same	group.	We	can	talk	in	
this	 case	 about	 group	 notification.	 This	 introduces	 the	 concept	 of	 subscription.	 A	
subscription	 is	the	link	between	particular	users,	or	groups	of	users,	and	the	events	
that	 produce	 the	 objects	 due	 to	 changes	 in	 their	 state.	 In	 case	 of	 a	 group	





on	 the	 communication	 channel	 we	 use,	 so	 we	 can	 talk	 about	 SMS,	 MMS,	 email,	
tweet,	etc.,	messages.		Messages	can	be	sent	in	two	modes:	push	and	pull.	In	a	push	
mode,	the	user	will	receive	the	message	as	soon	as	the	message	becomes	available.	
In	 pull	 mode,	 the	 user	 will	 only	 receive	 the	 message	 through	 queries	 for	 new	













Context	 Group	 of	 objects/properties	 that	 are	 coherently	
related.	








Subscription	 Link	 between	 users,	 o	 groups	 of	 users,	 and	 the	
events	 that	 produce	 the	 changes	 in	 objects’	
states.	
Unsubscription	 Cancelation	of	the	subscription.	





















3.1	User	management	and	 interaction	module:	 In	 this	module	we	manage	all	 the	




the	objects,	 in	order	 to	detect	 events,	 and	generate	notifications	 to	 the	groups	or	
particular	users.	Again,	we	take	into	account	that	third	parties	can	use	this	module	of	
our	 system.	 In	 this	 later	 case,	 it	 is	 upon	 third	 parties	 systemsto	 take	 the	
responsibility	to	observe	the	objects	and	send	to	our	system	all	the	notifications.	
	




This	 layer	 interacts	with	 the	system.	Users	use	existing	client	 interfaces	 to	 interact	
with	 the	 system	 depending	 on	 the	 implementation	 of	 the	 presentation	 layer.	 The	















observer	 objects,	 the	 subscriptions	 as	 well	 as	 the	 mapping	 of	 groups/users	 to	
subscribed	 events.	 We	 implement	 the	 observer	 so	 that	 the	 processes	 that	 are	
constantly	 observing	 the	 objects	 in	 order	 to	 detect	 events,	 and	 the	 dispatcher	
processes	 in	 charge	 to	 deliver	 the	 message(s)	 to	 the	 corresponding	 groups/users	
once	an	event	is	detected.	Each	time	a	new	event	is	detected	by	the	observer,	a	new	
message	 is	queued	 into	a	messaging	queue	 (see	Figure	3).	 In	order	 to	 simplify	 the	
notification	 processes,	 the	 queue	 manages	 only	 “generic”	 users	 messages,	 this	












































- Pull:	 In	 order	 to	manage	 pull	messages	 users	will	 be	 able	 to	 activate	 reception	 of	
single	 messages	 or	 messages	 between	 any	 two	 dates.	 Activating	 a	 pull	 mode	
message	means	that	the	user	will	receive	the	message	through	the	channel	that	was	
defined	on	the	event	action.	
- Also,	we	 implemented	an	 interface	to	receive	an	SMS	with	a	 link	 in	order	to	check	









prototype	 implements	 the	 interface	 Subscribe	 in	 order	 to	 subscribe	 third	 parties	
users.	 Prior	 to	 the	 subscriptions	 the	 events	 have	 to	 be	 defined	 in	 the	 system.	








where	 events	 arise	 due	 activity	 of	 online	 users	 and	online	 teamworks.	 In	 order	 to	
detect	 changes	 on	 forums,	 the	module,	which	 detects	 the	 changes,	 reads	 the	 RSS	
associated	 to	 the	 forum	 to	 detect	 new	 posts	 (or	 replies	 to	 existing	 ones).	 For	 the	
files,	 the	module	developed	checks	 the	modified	date	of	 the	 local	 file.	These	were	
the	actions	that	the	observer	uses	to	detect	the	events,	once	the	observer	detects	an	
event,	 it	 find	 the	 subscribers	 associated	 to	 that,	 either	 being	 groups	 or	 particular	

































There	 has	 been	 identified	 the	 following	 core	 characteristics	 of	 problem-based	
learning:	centred	learning,	learning	occurs	in	small	groups,	teachers	act	as	facilitators	
or	guides,	a	problem	 forms	 the	basis	 for	organized	 focus	and	stimulus	 for	 learning	











In	 this	methodology,	students	“learn	on	the	 fly”.	 In	 this	scenario	we	can	think	 that	
our	 system	 is	a	kind	of	knowledge	hub,	where	we	have	producers	and	consumers.	
Producers	 are	 all	 the	 users	 of	 the	 system	 that	 create	 objects	 linked	with	 different	
areas,	from	mathematics	to	philosophy,	from	cooking	recipes	to	jazz	music…	While,	
consumers,	 according	 to	 their	 motivations,	 subscribe	 to	 it	 and	 become	 part	 of	
different	 communities.	Maybe	 they	 can	work	 on	 a	 document,	 or	 be	 just	 informed	
about	the	last	news	that	happens	at	the	CERN.	Again,	our	A3	implemented	paradigm	






to	 the	 online	 teamwork	 activities.	 One	 such	 important	 advantage	 is	 the	
implementation	 of	 the	 A3	 paradigm:	 Anytime,	 Anywhere,	 Awareness,	 that	 is,	
notifying	users	 about	 ongoing	 activity	 in	 their	 online	workspaces.	 In	 this	work,	we	
presented	 an	 event-based	 system	 that	 extends	web-based	 applications	 to	 support	
Anytime,	Anywhere,	Awareness	in	online	workteams.		The	system	not	only	can	serve	
as	 informing	 channel	 but	 also	 for	 social	 support	 and	 scaffolding	 through	 fast	
notifications	 of	 learner’s	 requests.	 In	 designing	 and	 prototyping	 the	 system,	 the	






communication	 channels	 and	 with	 new	 ways	 to	 deliver	 messages.	 Indeed,	 some	
years	ago	mobile	devices	have	 rather	 specific	 channels	 and	 types	of	messages,	 for	
instance	SMS,	MMS,	WAP	push…	and	mobile	browsers	needed	specific	markup,	like	
WML	 or	 XHTML,	 because	 the	 computational	 limitations	 of	 the	 devices.	 However,	
nowadays	 smartphones,	 and	 also	 feature	 phones,	 can	 receive	 the	 same	 kind	 of	












[2] Razek,	 M.A.,	 	 Bardesi,	 H.J.Towards	 Adaptive	 Mobile	 Learning	 System,	 In	
Proceedings	of	 the	11th	 International	Conference	on	Hybrid	 Intelligent	Systems	
(HIS),	493	-	498,	2011,	IEEE	CPS	
[3] Richard	 M.	 Lee	 and	 Steven	 B.	 Robbins.	 Measuring	 Belongingness:	 The	 Social	




Proceedings	 of	 the	 28th	 International	 Conference	 on	 Human	 Factors	 in	
Computing	Systems,	Atlanta,	Georgia,	2010.	
[5] Xavier	Rivadulla,	Fatos	Xhafa.	Disseny	i	prototipatge	d'un	sistema	d'events	per	a	
dispositius	 mòbils	 en	 el	 treball	 en	 grup.	Master’s	 Thesis	 in	 Computer	 Science.	
Open	University	of	Catalonia.		
[6] Tore	Fjellheim,	Stephen	Milliner,	Marlon	Dumas,	and	 Julien	Vayssiere	 (2007).	A	
process-based	 methodology	 for	 designing	 event-based	 mobile	 composite	
applications.	Data	Knowl.	Eng.	61,	1	(April	2007),	6-22.		
[7] Eduardo	 S.	 Barrenechea,	 Paulo	 S.	 C.	 Alencar:	 An	 Adaptive	 Context-Aware	 and	
Event-Based	Framework	Design	Model.	Procedia	CS	5:	593-600	(2011).	2010	
[8] Jaakko	Kangasharju,	Tancred	Lindholm,	Sasu	Tarkoma	(2007).	XML	messaging	for	
mobile	 devices:	 From	 requirements	 to	 implementation.	 Computer	 Networks	
51(16):	4634-4654	
[9] D.	 C.	 Barnlund	 (2008).	 A	 transactional	 model	 of	 communication.	 In.	 C.	 D.	
Mortensen	 (Eds.),		Communication	 theory	(2nd	ed.,	 pp.	 47-57).	New	Brunswick,	
New	Jersey:	Transaction.	
[10] Fatos	 Xhafa,	 Alex	 Poulovassilis:	 Requirements	 for	 Distributed	 Event-Based	
Awareness	in	P2P	Groupware	Systems.	AINA	Workshops	2010:	220-225	
[11] Fatos	 Xhafa,	 Alex	 Poulovassilis:	 Awareness	 in	 P2P	 Groupware	 Systems:	 A	
Convergence	of	Contextual	Computing,	Social	Media	and	Semantic	Web.	EIDWT-
2011:	14-21	
[12] Alexandra	 Poulovassilis,	 Fatos	 Xhafa:	 Building	 Event-Based	 Services	 for	
Awareness	in	P2P	Groupware	Systems.	3PGCIC	2013:	200-207	
